lation of blood flows and shunts, and estimation of blood gas; and aided the diagnosis of congenital heart defects [11] . Nevertheless, paediatric cardiac catheterization was associated with various major complications, including arrhythmia, vascular thrombosis, bleeding, catheter manipulation-related complications, and rarely death, in particular among neonates and young children [12, 13] . This has led to the development and application of non-invasive examinations for CHD in Hong Kong ( Table 1) .
The application of the echocardiography has revolutionized the imaging of CHD and marked the era of noninvasive imaging. Being non-invasive and readily available, echocardiography has become the most commonly used imaging modality to assess the functional aspects of the heart in Hong Kong since 1980' s. The earlier applications of echocardiography with M mode assessment and 2D methods including Simpson algorithm were mainly on LV shortening fraction and systolic function, as well as volumetric assessment. Pulse-wave Doppler examination was also utilized to evaluate the LV diastolic function, by analyzing the mitral early (E) and late (A) diastolic inflow velocities. In an earlier study at Grantham Hospital in Hong Kong, a territorywide referral center for surgical treatment of paediatric CHD, the combined cross-sectional echocardiography and pulsed Doppler flow study had been successfully utilized for the assessment of paediatric CHD in 1980' s [14] . Echocardiography had allowed clear definition of the anatomy at all cardiovascular junctions by sequential segmental approach in symptomatic neonates suspected of having CHD, with a high diagnostic sensitivity and specificity at 95.5% and 98.6% respectively, and thus reducing the use of diagnostic catheterization in making manage-ment decisions [15] . The pulsed-wave Doppler examination was an adjunctive tool in diagnosing extracardiac vascular anomalies and valvular dysfunction, as well as detecting ductus arteriosus and abnormal systemic venous channels [15] . Based on their experience, only 20% of paediatric patients required additional cardiac catheterization for planning treatment, which was mainly reserved for extra cardiac vascular structures [15, 16] .
Adoption of intra-operative echocardiography since 1980's had contributed to the success of various cardiac interventions in treating paediatric CHDs in Hong Kong. Transthoracic echocardiography had been utilized to monitor balloon atrial septostomy in neonates in 1980's [17] . Echocardiography offered clear delineation of cardiac anatomy and directed catheter manipulation. The introduction of intra-operative transesophageal echocardiography since early 1990' s had also guided certain cardiac procedures on the interatrial septum, including occlusion of ASD, trans-septal puncture and blade septectomy, as well as balloon valvuloplasty and angioplasties in children [18] .
ADVANCED ECHOCARDIOGRAPHY
Echocardiography has been one of the primary cardiac imaging modalities, but it has weaknesses. It is limited by a small field of view, an acoustic window, and operator dependence. Strain and strain rate imaging has been rapidly developing in the past few years as a quantitative method to precisely estimate myocardial contractility and function. In particular, non-Doppler twodimensional (2D) strain is a new echocardiography technique that is used to obtain strain and strain rate measurements. This technique analyzes motion through tracking speckles in a 2D [19, 20] . Speckle tracking allows the calculation of strain, strain rate, and 2D tissue velocity. This novel study of myocardial motion represents a noninvasive method of definition of vectors and velocity [21] .
Pixel tracking is another new echocardiographic technique that quantitatively analyzes segmental myocardial function by tracking natural acoustic markers in 2D echocardiography. It enables accurate analysis of regional systolic LV function by the frame to frame tracking of acoustic markers in 2D echocardiographic images in analyzing myocardial deformation [22] .
Velocity vector imaging is a new quantitative echocardiographic modality. It quantifies LV mechanical dyssynchrony and predicts response to cardiac resynchronization therapy. Tissue velocities can be determined through automated tracking of Bmode image patterns from standard apical 2-chamber, 4-chamber, and long axis views. This technique can be used to accurately recognize and quantify abnormalities of regional myocardial deformation [23] .
Besides, three-dimensional (3D) echocardiography has become an easily applicable clinical technique in recent years. The concept of 3D echocardiography is based on the transmission and reception of sound waves in mutually perpendicular planes, and forms a pyramid-shaped ultrasound beam. With this technology, 3D echocardiography can evaluate cardiac chamber volumes directly without the need for geometric modeling and without the detrimental effects of foreshortened apical views, resulting in more accurate and more reproducible LV volume and function measurements compared with 2D echocardiography [24] . When compared with 2D echocardiography, 3D echocardiography provides new "surgical" views of cardiac valves, adjacent structures, and intracardiac masses [24, 25] . It has its own advantages when compared with other imaging modali-ties, as it does not have any contraindications in cases when used in pregnant women, children, the elderly, and in patients with implanted pacemakers.
COMPUTED TOMOGRAPHY
Computed tomography (CT), including CT angiography, plays an increasingly important role in the diagnosis and evaluation of patients with CHD. Compared with the older generations of CT scanners, newer scanners provide images with better temporal and spatial resolution, more anatomic coverage per rotation, more consistent contrast enhancement, and higher-quality 2D reformation and 3D reconstruction with acquisition of an isotropic data set [26, 27] . These provide invaluable information for systematical delineation of the normal and pathologic morphologic features of the cardiovascular system. It can be used to systematically analyze the visceral situs, cardiac chambers and ventriculoarterial connection, aorta and coronary arteries, relationship between the upper lobe bronchi and pulmonary arteries, heart valves and systemic veins [28] . In patients with Ebstein anomaly, CT can demonstrate the morphology and location of tricuspid valves clearly, which helps surgeons planning for surgery ( Fig. 1 ). Complex anatomy in condition such as double-outlet right ventricle can also be well demonstrated CT, with multiplanar reformat and 3D reconstruction of images (Fig.  2) . This modality is exceptionally useful in understanding the anatomy of the cardiovascular system in CHD patients. It is also used in follow-up studies of post-operative patients who are contraindicated for MRI ( Fig. 3) .
However, CT may be technically challenging and demanding when dealing with uncooperative young children. Sedation or even anesthesia is still required for specific indications in young or critically ill CHD patients who are unable to cooperate. Limitations of cardiovascular CT also include limited myocardial tissue characterization, inability to quantify valve regurgitation in patients with more than one regurgitant lesion or shunt, intravenous administration of iodinated contrast and radiation exposure [29] . CT has both advantages and disadvantages in evaluating patients with CHD. Nevertheless, it is useful in this setting, and radiologists who perform CT in young children with CHD should be familiar with not only the advantages and disadvantages of CT but also the normal anatomy and typical pathologic conditions in affected patients.
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MAGNETIC RESONANCE IMAGING
Magnetic resonance imaging (MRI) has emerged as an important tool in the evaluation of CHDs, pre-operative surgical planning, prognostication of patients, and post-operative surveillance [30, 31] . MRI carries several advantages over echocardiography in imaging of CHD. It is neither affected by geometrical assumptions applied in echocardiography, in particular in distorted and altered ventricular morphology in CHDs and postoperative cases; nor limited by acoustic window and scarring. Currently MRI has become the gold standard in assessing the ventricular function and volumes, delineating intracardiac anatomy and extracardiac vasculatures, quantifying shunts and flow volumes, and detecting myocardial fibrosis or scar tissue. Therefore MRI has surpassed echocardiography and catheterization in providing anatomical and physiological information on CHD, and has been recommended for paediatric patients in whom clinical or echocardiographic data is insufficient for surveillance and pre-operative planning [31] .
Taking TOF as example, MRI has a superb role in post-operative surveillance and prognostication in this most common complex CHD in Hong Kong. The major long-term complication in patients after surgical repair of TOF is pulmonary regurgitation, in which its severity and prevalence increase with time. The contribution of impaired right ventricular mechanics and fibrosis on the pathophysiology of pulmonary regurgitation is understood to a great extent after the application of MRI. Surgical pulmonary valve replacement is now the standard procedure for treating pulmonary regurgitation in Hong Kong [32] . Though carrying low surgical mortality (0% in 6 year-period by Tsang et al. [32] ), careful patient selection for the operation is essential to balance the benefits of reduction of right ventricular volumes and potential improvement of maximum oxygen consumption, against the risk of long-term anticoagulation and future re-operation [33, 34] . Asymptomatic patients at high risk of sudden death, including right ventricular enlargement or dysfunction, arrhythmias and prolonged QRS duration, are referred for pulmonary valve replacement in Hong Kong [32] . MRI has been beckoned for identifying these patients, by evaluating bilateral ventricular volumes and ejection fraction, morphology of right ventricular outflow tract, and regurgitation flow volumes [32] .
The prognostic values of other parameters, e.g., myocardial fibrosis and scarring as shown by late gadolinium enhancement, 
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Imaging of Congenital Heart Disease in Hong Kong CVIA on arrhythmia and impaired clinical outcomes also provide a guide in managing these post-TOF repair patients [35, 36] (Fig. 4 ).
3D PROTOTYPING AND MODELING
The use of 3D prototyping and modeling in Medicine is becoming increasingly important, due to the development of 3D printing and the recent rapid advances in relevant techniques and materials. With the advancement of industrial engineering in the arena of 3D printing, 3D models of heart and great vessels can be generated from high-resolution CT and MRI images. The use of 3D model is especially important in the field of paediatric cardiology and CHD, where there is a clear advantage over conventional 2D images in demonstrating complex anatomies and relationships between different structures. It has become an established tool to assist in diagnostics, educational purposes and intervention planning. It is also proved to be an ideal way to visualize the complex structures in an accurate, realistic, and tangible way (Figs. 5, 6, and 7) . 
